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Supplementary figures
. Scanning electron microscopy image of a quadrupole-electrodeembedded micropore. The dark square region is a 50 nm thick SiN membrane formed on a 0.5 mm thick Si wafer. The two alignment markers at the both sides were used to delineate the electrode and pore patterns with a standard electron beam lithography process. The four electrodes were connected to microleads to feed through the dielectrophoretic field inside the pore. Inset is a magnified view of the four-electrode-embedded micropore. The image was taken with the substrate inclined by 45 degrees. 
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Theoretical modelling of dielectrophoresis
The Maxwell equation involved in our situation is written as
In our experiment, an AC voltage with frequency ω was applied to the transverse electrodes:
. Thus monochromatic waves were assumed:
and the electric displacement was related to the electrical field via the dielectrics:
Here we remind that ε was dependent on ω.
The response of free charges and that of bound charges in the dielectric medium to the AC field are quite different. The former ones can be described in term of conductivity σ, and the latter with the imaginary part of the permittivity:
In the above tan −1 ( "/ ′ ) denotes the phase lag caused by the deterrent response of bound charges to the AC field.
According to Maxwell equation:
Thus, we arrive at the following expression for the complex permittivity [1] [2] . Hence we consider the contribution by the free charges, and neglect that by the bound charges only [2] : where ωpl is the plasma frequency.
